ELSEVIER

Journal of Organometallic Chemistry 498 (1995) C17-C19

of(gr%lgr'l%a}l
metallic
Chemistry

Preliminary communication

Regiocontrol switching in C—C bond formation during decomplexation
of a tricarbonyl(n*-cyclohexadieneliron complex

Mihaly Balazs ?, G. Richard Stephenson >

® Central Research Institute for Chemistry, Hungarian Academy of Sciences, Budapest, POB. 17. H-1525, Hungary
® School of Chemical Sciences, University of East Anglia, Norwich, NR4 7TJ, UK

Received 24 February 1995

Abstract

A study has been made of additions of nucleophiles to the tricarbonyl(n*-cyclohexadiene)iron complex 1 and subsequent reaction of
the resulting anions with several electrophiles in the presence of added ligands. Carbonyl insertion to form a functionalised cyclohexene
ring is assisted by the addition of phosphines. Depending on the electrophilic reagent, an unusual phosphine-controlled switch in
regiochemistry (PhCH,Br), and interruption of the process prior to loss of the metal (CH,=CHCH,Br), have been observed.
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When employed in organic synthesis, tricarbonyliron
complexes offer powerful control effects in which a
substrate, attached to the iron as a 7-bound ligand (the
““working ligand”’ [1]) is converted in a series of steps
into an elaborated product. As the synthesis progresses,
key bond-formations (‘‘working steps’’ [1]) are often
completely stereocontrolled. However, in addition to
these valuable working steps, other unproductive reac-
tions (complexation and decomplexation of the working
ligand) are needed. This reduces the efficiency of the
synthesis, increasing the number of steps to reach the
target molecule. If the complexation and decomplexa-
tion stages were also working steps, efficiency would be
improved. There have been examples of significant
C—C bond formations during complexation reactions [2]
leading to m-bound ligands, and in the case of decom-
plexation, a number of procedures are available to
elaborate the working ligand during detachment from
the metal [3—6], but compared with the wealth of infor-
mation about tricarbonyliron-mediated nucleophile addi-
tion to dienyl ligands, relatively little is known about
the scope and limitations of the strategically important
reactions that could effect decomplexation in a working
step in synthesis of a target molecule.

The work of the Semmelhack [3] and Yeh [4,5]
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groups has shown that nucleophile addition to simple
neutral n*-tricarbonyliron complexes can be combined
with carbonyl insertion and interception of the anion
with an electrophile when performed under an atmo-
sphere of carbon monoxide. The reaction is promising
for use in the closing stages of an iron-mediated target
molecule synthesis, because two C—-C bonds are formed
in a stereoselective manner. The nature of the elec-
trophile is known to influence the efficiency of the
decomplexation reaction, so offering access to high
yielding processes. However, in synthesis of a target
molecule, the choice of electrophile is dictated by the
target structure, so an alternative strategy for fine-tuning
is needed. Phosphine ligands promote alkyl migration to
carbonylmetal units; we report here the effect of added
phosphines on the nucleophile /CO /electrophile addi-
tion process. The efficiency of the reaction was found to
vary with the nature of the phosphine, and selectivity
between routes to different products was possible, point-
ing to potential advantages of the phosphine modifica-
tion when employed in target molecule synthesis.

At first we chose a relatively simple nucleophile,
benzyllithium, for use in these investigations. This
reagent cannot be generated in the ordinary way (from a
benzyl halide by BuLi), but can be made only by
treatment of toluene with BuLi in the presence of
1,4-diazabicyclo[2.2.2]octane [7]. Attempted reaction of
this nucleophile with tricarbonyl(n*-cyclohexadiene)-
iron(0) was carried out in the presence of triphenylphos-
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phine, and with methyl iodide or allyl bromide as the
electrophile. Only in the case of methyl iodide was the
expected product isolated, and then in low yield (Table
1, entry 1). Switching to trimethylphosphine (entry 2)
improved the yield, but overall, the process still lacked
the efficiency needed for use in organic synthesis. Fur-
thermore, when this procedure was carried out with
more highly substituted dienes (R, = OMe or R, = Ph,
Me), either products were obtained in even lower yields
or there was no reaction at all. Since the choice of
nucleophile is likely to be an important factor, we
repeated the experiment, using diphenylmethyllithium,
which is commonly employed to good effect in the
literature version of the reaction [4]. In this case,
nucleophile addition, carbonyl insertion and anion trap-

ping proved possible for a range of electrophiles (methyl
iodide, benzyl bromide and allyl bromide), allowing
more complete examination of the influence of the
added phosphine ligands.

Table 1 (entries 3—8) shows the outcome of these
experiments. Methyl iodide proved to be the best elec-
trophile (entry 4), and the expected product was isolated
in 40% yield. Trimethylphosphine was better than tri-
phenylphosphine in promoting ligand migration.
Trimethyl phosphite, on the other hand, was less effec-
tive, and there was no reaction at all in the case of
'Bu—NC. With the more bulky electrophile, benzyl bro-
mide, switching between products II and III [8] was
observed (Scheme 1). This was controlled by the nature
of the added phosphine. With triphenylphosphine (entry

Table 1
R, R,
Ligand
+NuLi + EX R
THF 4
R, S ~78°C/rt. R
(CO);Fe R, ©
I II
Entry NuLi EX Ligand Product Yield
1 R,=H,R,=H Li Mel Ph,P ILR,=H,R,=H 20%
R;=Bn, R, =Me
2 R,=H,R,=H Li Mel Me, P ILR,=H,R,=H 34%
R;=Bn, R, =Me
3 R,=HR,=H Mel Ph,P II: R, =H,R,=H 25%
R, = CH(Ph),, R, = Me
Li
4 R,=H,R,=H Mel Me, P ILR,=HR,=H 40%
R, = CH(Ph),, R, = Me
Li
5 R,=H,R,=H BnBr Ph,P ILR,=H,R,=H 23%
R, =CH(Ph),, R, = Bn
Li
6 R,=H,R,=H BnBr Me,P i1 33%
Li
7 R,=H,R,=H Me,P ILR,=H,R,=H 17%
O O B R; = CH(Ph),,
R, =CH,CH=CH,
Li
8 R,=H,R,=H Ph,P ILR,=H,R,=H 24%
Br Et,OPF, * R, = CH(Ph),,

5

Li

R, = CH=CHCH,

* In addition to a trace of a product of type II (R, = CH,CH=CH,), an organoiron complex was isolated in this experiment (sec text) and was
converted into an isomerised metal-free product (R, = CH=CHCH,;) by reaction with Et;OPF.



M. Balazs, G.R. Stephenson / Journal of Organometallic Chemistry 498 (1995) C17-C19 C19

+ +
S O\/ Br
(CO),Fe
Li

I
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IR, =H,R,=H 11
R, = CH(Ph),, R, = Bn

Scheme 1.

5), normal 1,2-difunctionalisation afforded IT (R, =R,
= H), but use of trimethylphosphine gave the alterna-
tive 1,4-regioisomer ITIL.

When allyl bromide was used as the electrophile for
anion trapping, it was possible to isolate in 24% yield
an organometallic intermediate (»(CO) 2002, 1936
cm™~!) which was unstable, affording a second organo-
iron complex (»(CO) 1994, 1931 cm™!). The incorpo-
ration of the allyl ligand in this intermediate was sup-
ported by FAB mass spectrometry which showed the
presence of an M+ H ion (691%) and fragmentation
with two losses of carbonyl groups, and by conversion
into II (entry 8). In this reaction, the expected product
II (entry 7) was also isolated in 7% yield. The organo-
iron product was treated with Meerwein’s reagent
(Et,OPF;) to afford not II (R, = CH,CH=CH,), but
the isomerised structure with R, = CH=CHCH, (entry
8), in almost quantitative yield. When the reaction was
performed with trimethylphosphine as the added ligand
only the product with R, = CH,CH=CH, was isolated
(17% yield), and none of the organoiron intermediate
was observed.

This work has demonstrated the validity of the prin-
ciple that inclusion of phosphines offers opportunities
for fine-tuning the ligand displacement /C—C bond for-
mation process, not only influencing the efficiency of
the reaction but also, in the case of suitable elec-
trophiles, promoting switching between regioisomer se-
ries, or allowing the reaction to be stopped before
detachment of the metal. This indicates new possibili-
ties for synthetic applications. In the course of these

investigations a selection of solvents, temperature ranges
and additional reactants have been examined without
significantly influencing the yield of the reactions. Ac-
cess to higher yielding processes for use in synthesis
must await a full investigation of a wider variety of
phosphine ligands.
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Mass spectrometric characterisation of products IT and III was
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under FAB ionisation conditions, so 2D NMR (COSY) spec-

troscopy was used to prove the structures shown in Table 1.
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